Acoustic data from repeated acoustic surveys of a shoal of widow rockfish (Sebastes entomelas) were portrayed as three-dimensional images over an interpolated bathymetric surface. Through development of a number of sub-programs which defined the relationships between different elements of the data, the large data sets could be quickly processed and visualized to gain an understanding of fish distribution, density, and behaviour. The images facilitated discussion of the survey results with commercial fishers and added credibility to the biomass estimates. The images allowed fishers to verify that the density and size of the shoal during the surveys was typical of what they had seen on their sounders and had wanted assessed. The images also confirmed that the shoal's spatial extent had been fully surveyed. Furthermore, the images were effective for examining the diel behaviour of the shoal and communicating to the scientific community the habitat affinity of this species to high relief bottom topography.
Introduction
We had found with earlier acoustic work that rockfish biomass estimates had little credibility with fishers . The fishers were not convinced that the aggregations were appropriately ''mapped'' nor were they convinced that densities from a set of acoustic transects could accurately reflect the three-dimensional (3D) structures of these aggregations. We also found it difficult to compare fish distributions among microsurveys when limited to individual echograms. Finally, although appreciated by fishers, we found it difficult to convey to research staff, the strong habitat affinity this species displays for areas of high relief. To address these issues, we developed 3D images from acoustic backscatter data that were collected during a recent acoustic survey of widow rockfish (Sebastes entomelas). We were guided by the 3D plankton images of Green et al. (1998) , but added a bathymetry underlay which is essential for our work. Here, we highlight the utility of the images for communicating survey results to our colleagues and research partners from the fishing industry. We also include a brief summary of our procedures for rendering the acoustic survey and bathymetry data as live 3D images. Survey results are provided in Stanley et al. (2000) and programming detail for data reduction and 3D imaging are given in a technical report (Hajirakar et al., 1999) .
Methods and Results
Acoustic data were collected using a SIMRAD EK500 38 kHz split-beam echosounder (SIMRAD, 1993a) and a SIMRAD BI500 data logging and analysis system (SIMRAD, 1993b) . The vessel sounded a predetermined microsurvey of 11 regularly spaced (approximately 0.5 km) parallel transects. These were positioned to span the shoal and provide cross-sections of the shoal's density distribution. Each transect was 1-3 km in length. Each microsurvey of 11 transects was completed in two hours. Data were collected with the EK500 at a rate of one ping (echo return) per second and stored in BI500 format. For visualization purposes, the data were modified such that each ping record included the log number, date, time, position (lat/long), bottom depth, and 500 acoustic backscatter values corresponding to each 0.5-m depth interval between 75 and 325 m.
The ping by ping high volume acoustic data from the BI500 were written to two files. The first contained the volume backscatter cross-section, S v (m 2 /m 3 ) for each depth interval. The second contained vessel position, time, bottom depth and other information. The original sequence of records in these files was maintained and thus reflected the vessel's sequential passage along the transects of each microsurvey. A third file provided bottom depths for each 0.05 nmi distance interval from all 20 microsurveys and from the return tracks to the starting point. This file contained 2225 depths for the 28 km 2 area. In six of the microsurveys, we offset the transects by approximately 180 m, perpendicular to their long axis, to test the sensitivity of the biomass estimates to the choice of transect location (Stanley et al., 2000) . These offset patterns conveniently improved the density of depth observations. Depths from the second and third file were used to provide the interpolated bathymetry surface under the backscatter data.
We used the software package IBM Visualization Data Explorer (DX) for data visualization. However, several custom sub-programs were required to produce the images (Figures 1-4 ). These were used to read the three types of data files into IBM-DX structures, provide data correction and manipulate the 3D images. Duplicate latitude and longitude values occurred occasionally in the second data file when the DGPS and acoustic logging equipment failed to log the correct location for a given ping. These were flagged and replaced by values interpolated from adjacent pings.
Similarly, the echosounder occasionally failed to detect bottom and instead recorded zero depth. These values were also replaced by interpolation. Overlaying the white shadow of the vessel trackline on the bottom required an additional sub-program, as did the assignment of each acoustic density value to its proper latitude/longitude and depth cell.
The end result was a special data structure to hold latitude/longitude locations with multiple depths and the acoustic backscatter values as a fourth dimension. This was more efficient than storing position and depth for each backscatter value. By displaying the connections between these data points and shading the resulting image, the program created a curtain of backscatter values below the vessel (Figure 3 ). This can be compared with the Figures 1, 2, and 4, for which small backscatter values have been removed by setting a threshold. Initial representation of the fish density used the well-known discrete SIMRAD echogram colour scale that divides the backscatter cross-section into 3 dB intervals. However to optimize the 3D images we modified the colours and added transparency.
A further sub-program used triangulation to create an interpolated bathymetry for each microsurvey from the second and third data files. At the lower end of the curtains, the interpolated bathymetry is forced to be equal to the depth values recorded along the transects. This ensures that the shadow of the ship's track is always visible on the bottom and does not intermittently disappear below the interpolated value for bottom depth. The shadow of the ship track on the bottom was necessary for the viewer to effectively see fish distribution and density in relation to the bottom. This effect is especially obvious in Figures 2 and 4 , which use the same data as Figure 1 but with the small backscatter values excluded. For Figure 2 , the centre of perspective projection was moved so that the fish shoal at 150-m depth is at eye level with the viewer. Figure 4 provides a different view along the same depth contour. This view emphasizes the close affinity of the shoal to the vertical relief.
The forced merging of the transect depths with the interpolated depth was successful in displaying the distribution of the shoal relative to the large-scale relief. It was less satisfactory with respect to fine scale relief. The bottom shading between each transect creates the illusion that each transect coincided with a bottom ridge. The illusion of the ridge is caused because we forced the interpolated depth values to match the observed transect depth where the surface and transect intersected. Observations are more dense along the transect than between. Furthermore, the shading effect appears to emphasize those points where the transect depth exceeds the interpolated depth and de-emphasize where the transect depth indicates a depression.
Discussion and Conclusions
The main components of our final images were a threedimensional interpolated bathymetric surface, and a three-dimensional ''curtain'' of acoustic data representing the acoustic beam as the vessel moves along the transects. The merged image could be rotated or zoomed to examine different aspects. Higher backscatter thresholds could be assigned to show only areas of the highest fish densities. The process allowed us to condense the survey's 220 echograms (20 microsurveys of 11 transects) into just 20 images, one for each microsurvey. This in turn facilitated visual comparison of transects within a microsurvey and among microsurveys.
During discussion of survey results, the images confirmed to fishers that the acoustic study had reconstructed a distribution that was consistent with their perception. The apparent densities around the underwater bluff and its specific pinnacles were congruent with the shoal that they had observed on their sounders. It also indicated that the survey had covered the entire shoal. Discussions on the credibility of the biomass could focus on more problematic issues such as target strength, species mix, and the near-bottom ''dead'' zone and did not have to include whether the shoal was adequately surveyed.
These images also reassured fishers that assessment staff was aware that the shoal was continuous through the longitudinal axis of the study site. Acoustic surveys that align the transects perpendicular to the longitudinal axis of the shoal (MacLennan and Simmonds, 1992) appear counter-intuitive to a fisher's mindset. Fishers are successful in their vocation by locating and staying in areas of high fish density. Thus, surveys that spend most of their time ''where the fish are not'', appear in their minds to miss the reality that these shoals can be distributed continuously along a depth contour. Fishers become concerned that the estimation procedure may address the biomass in the observed slices through the shoal but inappropriately address the biomass that must be interpolated between the slices. Since the images clearly imply that the fish distribution is continuous around the bluff, they reassured the fishers that researchers were aware of the continuity of the distribution. The images also provide a graphical first step towards explaining the density interpolation process between transects, since they lead easily to the two-dimensional portrayals provided by traditional geospatial analysis.
The ability to group all transects of one microsurvey facilitated discussion of the behaviour of the shoal as it related to biomass estimation. Fishers had commented that the maximal acoustic sign and best catch rates tended to occur during pre-dawn hours. They commented that the shoal disappeared during diurnal hours, probably moving out over deep water. By comparing the images corresponding to each two-hour period over 50 hours, it was apparent that the disappearance might be a result of the fish moving closer to bottom. These kinds of discussions are impractical with individual echograms, since one has to be assured that the acoustic sign is behaving the same across transects. Previous attempts to review this issue with fishers and colleagues had led us to cover one entire wall of a meeting room with a matrix of individual transect echograms.
Finally, the affinity of this and other rockfish species to areas of high relief that are untrawlable by bottom trawl is dramatically portrayed by including the underlay of bathymetry. While this affinity is well understood by fishers, the lumping of rockfish species into the ''groundfish'' category leads some researchers to assume that many of these species are suitable candidates for swept-area biomass estimation from bottom trawl survey or commercial catches. These visualizations have proven useful for communicating the risks inherent in those assumptions (Figure 4 ).
